The measurement of cortisol in saliva has become a reliable tool for both thc scientist and the clinician for studying adrenal cortical function in the adult. We have measured salivary cortisol in samples from 138 healthy infants, children, and adolescents, and from 14 adults. Saliva samples were obtained at home using a cotton swab and a saliva-collecting tube at 800, 1300, and 1800 h before meals. Cortisol was measured using a time-resolved fluorcsccnt irnmunoassay. Cortisol levels in saliva ranged from less than 2 nmol/L up to more than 100 nmol/L. Cortisol levels were age-dependent. Intcrcstingly, after thc age of 6 y, cortisol levcls corrclated significantly with pubertal stages (analysis of variance). No sex difference was found. In addition, cortisol morning levels and daily cortisol levels (area under the curve from three measurements) increased with body weight and body mass index. The highest cortisol levels were measured in saliva of children younger than 1 y. No circadian variation was evident before thc agc of 9 mo. After 1 y of age, salivary cortisol levels varied in a circadian fashion. The measurement of salivary cortisol levels is an attractive way of testing adrenal function in infants and children. It provides a rcliable tool for the determination of the physiology and developmental characteristics of cortisol metabolism. (Pediatr Res 37: 502-506, 1995)
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The measurement of cortisol in saliva provides a reliable cents and from 1 4 adults to obtain more insight into regulatory tool for investigations of hypothalamus-pituitary-adrenal axis mechanisms of adrenal function throughout childhood and activity (1-1 1). Saliva samples can be obtained stress-free. In adolescents. addition, salivary cortisol reprcsents the free fraction of cortisol in plasma and does not depend on salivary sccretion rate (flow rate) nor on salivary protein content (4, 5, 9, 11) . About METHODS 5-10% of total plasma cortisol is not bound to cortisol-binding Subjects and study protocol. Saliva samples were obtained globulin (= free plasma and diffuses into in the home setting at 800, 1300, and 1800 h before meals. saliva. Salivary cortisol measurements have been extensively Saliva samples were sent to the laboratory by surface mail. A used in psychobiologic, psychiatric, and endocrine re-complete medical examination was performed, and height, search. Surprisingly, relatively little information is available on weight, and pubertal stages were recorded by means of a the use of salivary cortisol determinations in children and standardized examination form. adolescents. Importantly, relatively few studies deal with the Height, weight, and body mass index values of the subjects diurnal variation of cortisol levels in children, developmental were all within the third to 97th percentile range (26) . A total and physiologic aspects of function in young age, and of 178 healthy subjects were recruited from an inner city influ' ' ' ' of and pubertal On neighborhood (Munich, Germany), the local kindergarden, and cortisol levels (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) . W e have mcasured cortisol levels in local schools to participate in the study. Twenty-six subjects saliva samples from 138 healthy infants, children, and adoles-were excluded from the study because one or more of the saliva samples were missing and/or complete anthropometric data were not available at the termination of the study. A complete sent was obtained from the parents and/or the subjects.
Procedures. Saliva was collected by using a cotton swab and a saliva-collecting tube (Salivette, Sarstedt, Germany). In infants below 1 y of age, saliva samples were collected by gentle suction of saliva with a rubber ball pipet. This procedure was not stressful to the infants and was tolerated well. Also, the volume of saliva obtained by this method was sufficient for the cortisol measurements. In infants, children, and adolescents more than 1 y of age, the probands were offered cotton swabs, and the parents and/or the children were asked to keep the swabs in the proband's mouth for 2 min to allow for the accumulation of a sufficient saliva volume (usually more than 200 p L ) Because the sensitivity of the assay used is high, only 120 p L (50 p L for single determination) of saliva are needed for duplicate determinations of cortisol. Stimulation of saliva flow (i.e. by use of lemonllime) was not used because of the fear that this might not be tolerated well in the young age group. In the age group between 1 and 3 y of age, seven children refused to participate or were not compliant with the procedure. The saliva samples were centrifuged upon arrival in the laboratory and stored frozen at 2 0°C until analysis. Centrifugation does not interfere with the recovery rate of added free cortisol in samples of saliva reference standards but gives debris-free salivary plasma that can be pipetted easily.
Salivary cortisol was measured using a time-resolved fluorescent immunoassay as published elsewhere (27) . In brief, a cortisol-biotin conjugate was used as the tracer in a solid-phase microtiter plate-based immunoassay using a high affinity anticortisol 3 C M 0 antiserum (27) . The signal was detected in a time-resolved fluorescence system (DELFIA, Wallac, Turku, Finland) after a second incubation step with a commercially available streptavidin-europium conjugate (Pharmacia, Freiburg, Germany). The lower detection limit of the assay was 0.43 nM using 50-pL saliva samples. The specificity of the assay is defined by an 11.2% cross-reactivity of the antiserum with cortisone, 0.98% with corticosterone, 0.0013% with dexamethasone, and 50.6% with prednisolone. Results obtained with the time-resolved fluorescent immunoassay method are highly correlated with results obtained using standard RIA (27) . The intraassay reproducibility was between 4.0 and 6.7% in repetitive determinations (n = 37) of samples between 2.2 and 13.2 nM cortisol concentration. The respective interassay variation was between 7.1 and 9% (at 2.2 and 13.2 nM cortisol concentration) (n = 50). Mean recovery of cortisol from human saliva is 96.6% (27) .
Statistical analysis was performed using BMDP statistical software programs (BMDP, Statistical Software, Los Angeles, CA) (analysis of variance, regression analysis as indicated).
RESULTS
Cortisol levels in saliva from healthy children and adolescents. Salivary cortisol levels were measured in morning, midday, and evening saliva samples as described in "Methods." Percentiles of salivary cortisol levels were calculated using BMDP Statistical Software as indicated. Subjects were grouped according to agc as follows: 0-1 y (n = lo), above 1-4 y (11 = 17), above 4-8 y (n = 22), above 8-10 y (n = 19), above 10-13 y (n = 33), above 13-17 y (n = 31), and above 17 y (n = 20). Figure 1 shows the fifth, 50th, and 95th percentile for morning (Fig. lA), midday (Fig. 1B) , and evening (Fig. 1C) cortisol concentrations in saliva. Large interindividual variations of midday and evening cortisol levels were measured in saliva samples from children under the age of 1 y. In the age groups 1-4, 4-8, and 8-10 y, much less variation was measured. Interindividual variability increased later in adolescence and in adulthood. In addition, morning salivary cortisol varied considerably at all ages.
Circadian variation of salivary cortisol levels in healthy children and adolescents. Salivary cortisol levels were significantly higher in the morning than at midday or evening in cortlsol (nrnolll) 35 1 
saliva samples from childrcn over the age of 9 mo. Tables 1  DISCUSSION  and 2 give the mcan -t SD, mean t SEM, and median values of salivary cortisol levels, respectively. The well-known circadian rhythm of cortisol secretion and cortisol metabolism was demonstrable in saliva samples from childrcn and adolescents. However, 110 such circadian variation was dctected when saliva from children under the age of 9 mo was tested (Tablc 2). In some of these young children cortisol levels in saliva were very high (above 100 nmol/L), and occasionally midday or evening cortisol levels exceeded the morning values by up to 5 times (Table 2) .
Salivary cortisol levels vary with weight andpubertal stage. Anthropometric data were collected, and salivary cortisol levels were analyzed in relationship to weight, height, body surface (m2), and pubcrtal stagc of the study subjects. Figure 2 demonstrates a steady decline of the ratio of salivary morning cortisol levelslbody surface during childhood and adolescence: the larger body surface at higher age is not being compensated for by higher cortisol lcvcls. Figure 3 shows the relationship between salivary cortisol lcvcls and weight. Morning salivary cortisol lcvcls (nmol/L) are positively correlated with body wcight (kg) (r = 0.28, 17 < 0.001, y = 0 . 0 8~ + 8.1) (Fig. 3) .
When salivary cortisol levels were grouped according to the pubertal stage of donors, a significant, positive correlation between cortisol levels and pubcrtal stagc was measured (p < 0.0001 up to p < 0.03, analysis of variance). The positive correlation between cortisol lcvcls and pubertal stages was present irrespective of sampling timc (morning, midday, evening) ( Table 3 ).
The measurement of salivary free cortisol levels is a reliable, stress-free, and attractive way of testing adrenal function in infants and children (28) (29) (30) (31) (32) (33) (34) . It has bcen shown in the literature (for review, see Refs. 10, 13, and 24) and also in our study that saliva samples can be obtained even from newborns without difficulty in a stress-free and reliable way. We have used the measurement of salivary cortisol to investigate physiologic changes of cortisol metabolism throughout childhood and adolescence. A sensitive, fast, and reliable time-resolved fluorometric immunoassay was used to measure salivary cortisol levels. This assay does not use radioactivc tracer and requires only 50 p L of saliva for the determination of cortisol. It thus offers additional advantages over comparable methods (27) .
High salivary cortisol levels were measured during the first year of life and no circadian variation of salivary cortisol levels was evident during the first 9 mo of life. This result is in agreement with previous results from Price et nl. (13, 24) , who found no circadian variation of salivary and plasma cortisol levels in infants under the age of 3 mo. This finding as well as the data from our study most likely reflect a lack of external synchronization of the newborn circadian rhythm. We cannot determine the exact age at which circadian rhythmicity is detectable due to the small sample numbers in the respective age groups. However, circadian variation of cortisol levels in saliva is certainly already apparcnt in infants younger than 1 y (12, 13, 35). The absolute cortisol concentrations in saliva measured in our subjects are within the range that has been reported from other laboratories with the exception that slightly Figure 2 . Morning salivary cortisol levels and body surface (mZ) in relationship to age. Saliva was collected as described in Figure 1 and 
